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The pharmacology of the various opioid receptors has been well studied. The 
availability, of large numbers of selective agonists and antagonists has permitted the 
correlation of specific receptors defined in binding assays with selected pharmacologi¬ 
cal actions (Table 1)M Virtually all the established opioid receptor subtypes elicit 
analgesia, although the localization of their actions varies. In addition to regional 
differences, highly selective agonists for the different subtypes do not demonstrate 
cross-tolerance, implying that they are activating distinct systems leading to a 
common response. A full understanding of these receptor mechanisms requires the 
elucidation of the molecular mechanisms responsible for these in vivo actions. We 
now review recent work from our laboratory correlating the molecular biology and 
pharmacology of opioid receptors. 


DELTA RECEPTORS 

Recently, two groups reported the cloning of the delta opioid receptor (DOR- 
l). 3 ' 4 This seminal discovery was soon followed by the identification of clones 
encoding mu and kappa receptors. 5 " 14 All three families show high degrees of 
homology, but are quite distinct in both the N- and C-termini, as well as the second 
extracellular loop and the two adjacent transmembrane regions. When expressed, all 
three families show the anticipated binding selectivities towards large numbers of 
opioids. Functionally they are, active, inhibiting stimulated adenylyl cyclase. 

Although these studies all inferred that the cloned receptors corresponded to 
those identified pharmcologically, a formal connection had not been demonstrated. 
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We addressed this question using an antisense approach to selectively down-regulate 
naturally occurring mRNA by using short oligodeoxynucleotides (GDN) with comple¬ 
mentary sequences. We first examined delta receptors in a tissue culture model (Fig. 
I). 15 We tested a series of antisense ODN directed at different regions of cDNA 
encoding the receptor, including both coding and untranslated regions. All the 
antisense ODN successfully down-regulated delta binding in the NG108-15 cells. 15 
This indicated that the location of the antisense ODN on the mRNA was not critical. 
As controls, we also examined additional ODN. The sense ODN, which cannot 
anneal to the mRNA, was inactive. However, mixing the sense ODN with its 
corresponding antisense ODN prior to their addition to the cultured cells prevented 
the actions of the antisense ODN. A mismatch ODN, in which we scrambled the 
sequence of four bases without changing the overall base composition, also was 
without effect, demonstrating the stringent specificity of the response. : 
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We then examined antisense ODN in vivo. The paradigm employed injections of 
antisense on days 1, 3, and 5, followed by analgesic testing on day 6, We used this 
approach to obtain a prolonged down-regulation of receptor synthesis. The turnover 
of opioid receptors is approximately 3-4 days. 16 By maintaining the antisense 
treatments over 5 days, we permitted the loss of preexisting receptors. Administered 
intrathecally, the antisense selectively blocked the analgesic actions of two delta 
agonists, DPDPE and deltorphin II, without affecting either mu or delta actions 
(Fig. 2). 15 Again, the mismatch controls were without effect. 

Additional controls explored the stability of the ODN under these conditions. In 
tissue culture studies, radiolabeled ODN is rapidly taken up by cells and as much as 
5% remains associated with the cells as intact ODN, as indicated by its size on gels. 
Similar results were seen in vivo . Measurements of mRNA levels of DOR-1 following 
intrathecal administration reveal a 30% reduction, similar to the loss of binding. 
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FIGURE 1. Down-regulation of delta receptor binding.by antisense to DOR-1. NG108-15 cells 
were incubated for 5 days with the .various antisense oligodeoxynucleotides at 250 nM, unless 
stated otherwise. The schematic representation provides an indication of the location of the 
antisense. Antisense A is directed at the N-terminus of the receptor, whereas the others are 
directed at regions downstream, including the 3'-untranslated region. (From Standifer et al xs 
Reproduced, with permission, from Neuron.) 


Although the mechanism through which these ODN act remains unclear, they do 
down-regulate both receptors and mRNA. 


MU AND KAPPA! RECEPTORS 

Using similar approaches, we also demonstrated that antisense ODN directed 
against kappa ^ 7 and mu receptors 18 also down-regulated the receptors against which 
they were designed. In all cases, our studies demonstrated remarkable selectivity 
among the various receptor classes, suggesting that this antisense approach might be 
a reasonable approach for selectively screening partial sequences of novel proteins 
for pharmacological activity without having to clone, sequence, and express complete 
gene products. 


CLONING A KAPPA 3 -REIATED OPIOID RECEPTOR 

Several years ago, we identified a novel opioid binding site, termed kappas 19 " 23 
(for review, see ref. 1). Although it fit the traditional criteria for inclusion in the 
opioid receptor family, it is readily distinguished from the mu, * delta or kappai 
receptors. Kappa 3 receptors display a binding profile that differs from the others and, 
in tissue culture studies, inhibits adenylyl cyclase through mechanisms independent 
of mu, delta or kappai receptors. 24 //! vivo, kappa 3 receptors elicit analgesia supraspi- 
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nally. Additionally, it demonstrates no cross-tolerance with the other subtypes, 
particularly mu receptors. 20 ’ 22 

The cloning of delta receptors quickly led. to the identification of clones corre¬ 
sponding to the mu and kappa x receptors using reverse transcriptase-polymerase 
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FIGURE 2. Selective blockade of delta analgesia by a DOR-1 antisense. (A) Groups of mice 
received Antisense A on days 1, 3, and 5 intrathecally, and analgesia was assessed on day 6 in 
the tailflick assay 15 min after receiving DPDPE (0.5 p.g), DAMGO (8 ng) or U50,488H (25 
P-g). (B) Groups of mice received Antisense A Mismatch A or saline on days 1, 3, and 5 and 
were tested for analgesia with DPDPE (0.5 jxg) on days 6, 8, and 10. (From Standifer et a/. 15 
Reproduced, with permission, from Neuron.) 
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chain reaction. Anticipating strong homology among the opioid receptor classes, we 
employed a similar approach based upon the sequence of the delta receptors in an 
effort to look for additional opioid receptor subtypes. In addition to the sequences 
corresponding to delta, mu, and kappa; clones, we isolated a unique sequence of 
approximately 500 bases which had high homology to the others. Before committing 
our resources to cloning the full-length cDNA, we explored the pharmacological 
relevance of the PCR employing the antisense approach described above. We 
designed a 20 mer complimentary to the PCR product and administered it intracere- 
broventricularly (i.c.v.) in mice using the same paradigm we had previously devel¬ 
oped for the other opioid receptors. 15 ’ 17 ' 18 For a control, we designed a mismatch 
ODN in which the sequence of four bases of the 20 were scrambled, preventing 
effective annealing with the mRNA of interest. When we examined the animals, 
antisense treatment had little effect on the analgesic actions of morphine, DPDPE or 
.U50,488, implying that the sequence was not encoding a mu, delta or kappa! 
receptor, respectively. However, the antisense effectively blocked the analgesic 
actions of the kappa 3 analgesic naloxone benzoylhydrazone (NalBzoH). 14 ’ 25 The 
mismatch control was inactive. This selective down-regulation of kappa 3 analgesia 
indicated that this clone was closely related to the kappa 3 receptor. 

With this information, we proceeded to clone the full-length cDNA, which we 
termed KOR-3.(GenBank accession number U09421). The sequence is very similar 
to a recently reported putative opioid receptor, ORL1, 26 and has been observed by 
other groups. 14 Once we had obtained the full sequence, we expressed the clone in 
COS-7 cells. Using a monoclonal antibody (mAb8D8) directed against native kappa 3 
receptors in BE(2)-C neuroblastoma cells, we found that on Western analysis the 
monoclonal antibody recognizes our done expressed in COS-7 cells (Brooks, A .,-et 
al, in preparation). Control COS-7 cells transfected with the vector lacking our clone 
did not display any immunoreactivity. The in vitro translation product of the clone 
also was recognized by Western using mAbBDS. Thus, both the antibody and 
antisense approaches closely associate the cloned receptor with the kappa 3 site. 
However, the expressed receptor was not functionally active. Attempts to demon¬ 
strate binding were ambiguous. Although we occasionally could see cyclase effects, 
they were not very robust. 

In view of the difficulty in expressing, a functional receptor, we returned to the 
antisense approach to determine whether the clone truly corresponds to the kappa 3 
receptor. We chose, five regions in the open reading frame as well as two regions in 
the 3'-untranslated region, designed antisense ODN, and performed antisense 
studies on analgesia. In all cases, the antisense blocked the kappa 3 analgesic 
response in vivo. Southern analysis indicates a single gene encoding the sequence, 
further strengthening the implication that the KOR-3 clone derives from the gene 
encoding the kappa 3 receptor. However, it does not explain the difficulty obtaining a 
functionally active receptor. A number of possibilities exist. Although the receptor is 
expressed in the COS-7 cells, needed ppsttranslational changes may not be taking 
place or necessary transduction systems or G-proteins may not be available. Alterna¬ 
tively, there may be splice variants of the receptor. Indeed, we have evidence for a 
splice site between the first and second transmembrane domains, a location similar 
to that seen with the other opioid receptor classes. Although we have not yet 
identified alternative sequences in the coding region, alternative splicing remains a 
strong possibility.-All the antisense ODN directed downstream from the splice site 
down-regulated NalBzoH analgesia as noted above. However, when we examined an 
additional series of ODN directed at sequences upstream from the splice, only one of 
the five blocked NalBzoH analgesia. This response is quite distinct from that seen 
with the ODN designed against the regions downstream, all of which block kappa3 
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analgesia. Although indirect, this may be an indication that the kappa 3 receptor is a 
splice variant of our clone, both being derived from a single gene. 


SUMMARY 

We cloned a kappa 3 -related opioid receptor, and although it is still not clear 
whether this clone corresponds to the kappa 3 receptor itself or is a related gene 
product, the extensive antisense mapping and the antibody immunoreactivity strongly 
associate this clone with the kappa 3 receptor. Our .approach also indicates the 
usefulness of antisense approaches in mapping and identifying orphan receptors. 
Perhaps it is most effective in identifying partial sequences prior to cloning them in 
their entirety. It also provides a mechanism of identifying proteins that are not 
expressed functionally. 
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